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resources are important to socio-economic development, providing material input into production and 
consumption activities and acting as sinks for waste material. Consequently, water resource systems are 
closely linked to the economic use of resources. This section of the report investigates water resource 
and water use patterns, trends in water use, and resultant stress on water systems across the Asia-
Pacific region. 
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•	 Central	 Asia	 withdraws	 significantly	 more	 water	 per	 capita,	 and	 as	 a	 whole,	 than	 other	
subregions	 (1998–2002).	 Australia	 and	 New	 Zealand	 have	 the	 second	 highest	 water	
withdrawal	per	capita,	though	significantly	less	than	Central	Asia.	
•	 Over	81%	of	annual	water	withdrawals	in	the	Asia-Pacific	region	in	the	recent	past	(1998–
2002)	 have	 been	 used	 for	 agriculture.	 Although	 the	 percentage	 of	 water	 withdrawn	 for	
agriculture	may	be	high,	the	actual	volume	used	varies	widely	between	countries.	
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Water resources – general world overview
Water	is	essential	to	life,	supplying	human	needs	and	maintaining	ecosystems	for	all	living	species.	
Water	 resources	 are	 important	 to	 socio-economic	 development,	 providing	 material	 input	 into	
production	and	consumption	activities	and	acting	as	sinks	for	waste	material.	Consequently,	water	
resource	 systems	 are	 closely	 linked	 to	 the	 economic	 use	 of	 resources.	This	 section	 of	 the	 report	
investigates	water	resource	and	water	use	patterns,	trends	in	water	use,	and	resultant	stress	on	water	
systems	across	the	Asia-Pacific	region.	







and	 interdependent,	 and	 almost	 fully	 reliant	 on	 the	 interaction	 between	 social	 systems	 and	 their	
socio-technical	environments.	Global	water	resources	are	increasingly	in	demand	for	purposes	such	










assessment	 and	monitoring	 activities	 are	 minimal	 or	 ineffective.	 Consequently,	 there	 is	 a	 limited	
knowledge	of	groundwater	resources	and	aquifer	systems.	
Water	is	often	used	in	the	production	of	commodities,	particularly	food,	and	there	are	flows	of	virtual	
water	 through	 international	 trade.	 In	 some	 instances,	 water-scarce	 countries	 import	 virtual	 water	





More	 than	 half	 of	 the	 world’s	 major	 rivers	 are	 seriously	 depleted	 and	 polluted,	 leading	 to	 the	
degradation	and	poisoning	of	surrounding	ecosystems,	health	consequences,	and	reduced	livelihoods	
(World	 Commission	 on	Water	 1999).	 Most	 water	 bodies	 are	 now	 heavily	 polluted	 with	 domestic	






Box 4.1. Serious water issues in Panay Island, Philippines
The	port	city	of	 Iloilo,	Panay	 Island,	Western	Visaya,	Philippines,	has	a	population	of	300,000,	
and	is	the	commercial,	cultural,	and	intellectual	hub	of	the	island.	The	city	sources	water	from	
the	Tigum	Aganan	Watershed	 and	 residents	 have	 been	 subject	 to	 poor	water	 quality,	 lack	 of	
sanitation,	 increasing	 siltation,	 decreasing	 water	 availability,	 groundwater	 contamination,	
the	 threat	 of	 saltwater	 intrusion	 into	 the	 aquifer,	 and	 catastrophic	 floods	 and	 droughts.	 The	








Headwaters of the Tigum 
Aganan Watershed, Panay 
Island, Philippines. (Source: 
Alexander et al. 2010)
Water resources – Asia and the Pacific region
The	Asia-Pacific	region	is	characterized	by	a	range	of	climates,	and	therefore	experiences	a	variety	
of	hydrological	regimes.	The	hydrology	of	 the	region	 is	dominated	by	the	typical	monsoon	climate,	
which	 induces	 large	 inter-seasonal	variations	of	river	flows	(FAO	2009).	 In	 the	humid	areas,	water	




assessment	 (FAO	2009).	Withdrawals	 in	upstream	countries	 (e.g.	 India),	are	known	to	significantly	















•	 Natural resource endowment:	 Water	 is	 a	 vital	 component	 of	 the	 natural	 resource	
endowment	of	a	region.	The	natural	resource	endowment	per	capita	is	much	lower	in	Asia	




•	 Increased use of water:	 Increasingly	more	water	 is	used	 for	 agricultural	 and	 industrial	
processes.	The	majority	of	water	is	used	for	agricultural	production,	which	tends	to	be	highly	
chemically,	energy,	and	water	intensive.
•	 Changing consumption patterns:	 As	 incomes	 increase,	 consumption	 patterns	 are	
changing.	Growing	supply	of	consumer	goods	is	increasing	the	amount	of	water	needed	for	
industrial	processes.





•	 Ecological efficiency of water use:	The	ecological	efficiency	of	water	use	is	highly	variable	
in	the	industrial	sector,	and	does	not	necessarily	reflect	the	availability	of	water.	Some	water-
89
stressed	countries	have	highly	developed	 industrial	 sectors	 that	use	much	more	water	 to	
produce	one	dollar	of	GDP	than	do	water-rich	countries.
•	 Long-term sustainability of the water supply:	The	water	supply	 is	further	threatened	













has	also	been	extracting	water	rapidly.	Countries	 in	 the	Asia-Pacific	region	have	 increasingly	used	
their	water	resources	and,	by	2025,	assuming	current	consumption	patterns	continue,	a	significant	

























Trends in water withdrawal for Asia and the Pacific 
between 1985 and 2000
Figure 4.2 shows the change in total water withdrawals for subregions during the 15-year time period 
between 1985 and 2000.2
The Asia-Pacific region increased total water withdrawals over the 15 years, by 329,160 GL, 
representing an approximate 25% increase in water withdrawal. Central Asia maintained roughly 
constant withdrawals, while all other subregions increased withdrawals. In 1985, the total for 
those countries included in this sample for South Asia and North-East Asia had similar withdrawals 
of approximately 500,000 GL, and similar levels of increase over the period to 646,000 GL and 
630,000 GL, respectively, or approximately 30% over the 15 year period.
Figure 4.3 shows that per capita water withdrawals for the Asia-Pacific region increased by some 
0.04 ML per capita, or around 6%, during the 1985–2000 period. Values for Central Asia were not 
calculated due to insufficient data, while the figure for Australia and New Zealand is in reality only for 
New Zealand, where water use per capita decreased. Of far greater significance is the 5% decrease 
in water withdrawals per capita in South Asia. However, this improvement was not sufficient to offset 
the increases in North-East Asia and South-East Asia, where usage per capita increased by some 12% 
in both subregions.
The volume of water withdrawn per unit of land area in the Asia-Pacific region was 64 ML/km2 while in 
South Asia it was 150 ML/km2, as shown in Figure 4.4. This is indicative of widespread, high-intensity 
agricultural activities, with a high reliance on irrigation. At the other end of the spectrum, on a per unit 
area basis, withdrawals in Australia and New Zealand are over an order of magnitude lower, at less 
2  Data are available for Australia and New Zealand and the Pacific, but values are not of sufficient size to be visible at the scale 
required here. Also note that data for 2000 here may not match that displayed in single time interval graphs and tables, as discussed 
earlier.
Total water withdrawals for 1985 and 2000
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Per capita withdrawals for 
1985 and 2000 (note that 
data shown for ‘Australia and 
NZ’ in this case only includes 
New Zealand)
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Sectoral water withdrawals
Over	80%	of	annual	water	withdrawals	 in	 the	Asia-Pacific	 region	 in	 the	 recent	past	 (1998–2002)	
























Australia	and	NZ 18,900	 72.6% 	2,600	 10.0% 4,540 17.4% 26,040	
Central	Asia 127,450	 91.0% 8,040	 5.7% 4,540 3.2% 140,030	
North-East	Asia 503,120	 66.7% 183,240	 24.3% 67,370 8.9% 753,760	
South	Asia 925,510	 89.9% 40,575	 3.9% 63,580 6.2% 1,029,675	
South-East	Asia 273,010	 85.6% 24,890	 7.8% 21,180 6.6% 319,080	
The	Pacific 51	 36.2% 40	 28.4% 50 35.5% 141	
Asia-Pacific 1,848,041 81.5% 259,385 11.4% 161,260 7.1% 2,268,726 
Source:	FAO	Aquastat	(2009)	
According	 to	Table	4.1,	 during	1998–2002,	 the	highest	 percentage	withdrawal	 per	 sector	was	 in	
Central	Asia	for	agricultural	use,	at	91%,	the	least	in	the	Pacific	at	36.2%.	The	Asian	subregions	had	
larger	water	withdrawals	for	agriculture	than	did	the	Pacific.	Australia	and	New	Zealand’s’	withdrawals	
for	agricultural	at	18,900	GL	are	 just	over	2%	of	 those	 for	South	Asia	alone,	and	1%	of	 regional	
withdrawals.	In	terms	of	actual	volumes	of	water	withdrawn,	agriculture	in	South	Asia	consumed	the	
most	at	925,510	GL,	while	in	the	Pacific	only	51	GL	were	withdrawn.	This	indicates	that,	while	the	
percentage	of	water	withdrawn	 for	agriculture	may	be	high,	 the	actual	 volume	used	varies	widely	
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Water intensity, litres per 



















a	whole	 is	 insignificant,	with	overall	consumption	per	capita	at	0.63	ML/capita	being	 intermediate	




water	 intensity	 rates	 fail	 to	account	 for	under-developed	water	management	 systems,	 reliance	on	
rain-fed	agriculture,	and	threatened	freshwater	resources	(Burns	2000).
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Water withdrawals by sector 
for 1998–2002
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Water productivity and water intensity
Water	productivity	is	the	quantity	of	produce	(crops	and	other	goods)	that	can	be	obtained	per	unit	
of	water	used	(Molden	and	Sakthivadivel	1999).	Consequently,	water	productivity	can	be	increased	
through	 improved	agronomic	practices,	 such	as	 crop	 varieties,	 and	 improved	 supply	 and	demand	
management,	regionally	and	at	farm	scale.	In	other	words,	increasing	water	productivity	is	achieved	by	
increasing	the	technical	efficiency	of	production	(Billi	et al.	2004).	According	to	FAO	(2003),	increases	












within	 a	 broad	 sector,	 such	 as	 agriculture	 or	 industry,	 which	 can	 be	matched	 to	 correspondingly	
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lowest	water	productivity	 for	any	subregion	and	sector.	The	all	 sectors	average	depicted	 in	Figure	









Pakistan,	also	yielding	high	water	 intensity	 values.	The	Mekong	 river	area	 in	South-East	Asia	also	




Water abstraction rates and water stress
The	 difficulties	 in	 meeting	 water	 resource	 needs	 from	 available	 freshwater	 resources	 are	 often	
exacerbated	 by	 limited	 water	 availability	 and	 poor-quality	 water	 supplies.	 Further	 challenges	 are	
experienced	by	countries	highly	dependent	on	external	water	resources.	This	is	particularly	apparent	
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Exploitation	 Index,	calculated	by	dividing	 the	national	mean	annual	 total	abstraction	of	 fresh	water	
with	the	mean	annual	total	renewable	freshwater	resource,	expressed	in	percentage	terms.	The	index	
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Total water withdrawal as a 
percentage of total renewable 
water resource for 1998–2002
Total withdrawals as a percentage of renewable water 
resources 
































Water Exploitation Index – 
indicator of the sustainability 
of withdrawals and resultant 
water stress. 
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Box 4.2: Key findings of the CSIRO Sustainable Yields Project for the Murray-
Darling Basin, Australia
The	CSIRO	Murray–Darling	Basin	Sustainable	Yields	Project	assessed	18	regions	of	the	Murray–
Darling	 Basin,	 which	 collectively	 are	 considered	 to	make	 up	Australia’s	 ‘food	 bowl’.	 The	 key	
findings	are	summarized	as:
•	 Water	 resource	development	has	caused	major	changes	 in	 the	flooding	 regimes	 that	










































Future trends in water use, withdrawal and consumption
Between	2000	and	2050,	the	world’s	population	is	projected	to	grow	from	6	billion	to	9	billion,	and	
demand	 for	 food	and	other	 goods	will	 increase	 significantly	 (UN-WATER/WWAP	2009).	Alcamo	et 
al. (2000)	explore	future	water	usage	under	several	scenarios	based	on	assumptions	designated	as	
(1)	Business	as	usual	(BAU),	(2)	Technology,	Economics	and	the	Private	sector	(TEC	–	in	which	the	
free	market	 system	and	new	 technologies	 are	 assumed	 to	 reduce	water	 demand)	 and	 (3)	Values	
and	Lifestyle	(VAL	–	in	which	commitment	and	human	values	avert	a	water	crisis).	These	were	used	
to	 explore	 the	 consequences	 to	 water	 use	 of	 continuing	 current	 trends	 in	 populations,	 economy,	

















will	 be	 losses	of	 irrigated	areas	 to	salt	 intrusion	and	waterlogging.	Future	predictions	 indicate	 the	
role	of	agriculture	will	slightly	decrease	with	intensive	growth	of	other	water	uses,	primarily	industrial	
100
and	public	water	withdrawal.	By	2025,	agriculture	 is	expected	 to	 increase	 requirements	 for	water	












boundary	 tensions.	 In	 South	Asia,	 Pakistan,	 India,	 and	Sri	 Lanka	 have	 also	 seen	 a	 large	 surge	 in	
extraction.	 In	North-East	Asia,	high	withdrawals	 indicate	that	China	has	also	been	extracting	water	







in	 various	sectors	 in	 the	past	and	predicting	 future	 trends.	An	unsustainable	 trend	 is	emerging	 in	






competition	 for	 scant	 water	 resources	 between	 households,	 industry,	 and	 agriculture.	 Under	 the	
Business as usual	future,	a	significant	proportion	of	the	population	in	Asia-Pacific	region	will	live	in	
water-stressed	river	basins,	which	will	heighten	the	need	for	policies	supporting	water	use	efficiencies	
and	water	demand	strategies	 to	provide	a	basis	 for	 future	economic	growth	and	 to	provide	water	
resources	 for	 burgeoning	 populations.	 Improved	water	 productivity	 of	 regions	more	 dependent	 on	
irrigated	 agriculture	 and	 an	 increase	 in	water	 efficiency	 is	 needed.	Additionally,	 technologies	 and	
infrastructure	 supporting	 alternative	 water	 sources,	 recycled	 water,	 eco-city	 development,	 and	
dampened	water	demands	while	tackling	industrial	and	urban	pollution	at	point	of	source,	may	allow	
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